SUMMARY The hyperglycaemic response to intramuscular glucagon was studied in 19 migraine subjects and 17 matched controls. Venous blood sugar 30 minutes after the injection, and the maximum rise from fasting levels, were significantly reduced in migraine subjects. This diminished sensitivity to the hyperglycaemic action of glucagon may be at least one factor in the hypoglycaemia unresponsiveness shown in migraine.
Migraine might perhaps be regarded as a reaction determined by a lowered threshold of central cerebral mechanisms, in combination with a wide range of external precipitating factors (Pearce, 1969 (Pearce, , 1971a Rao and Pearce, 1971) . So far attempts to demonstrate or measure a central disorder of threshold have been unsuccessful, but the more precise delineation of external precipitating mechanisms and of endogenous biochemical anomalies susceptible to these triggers is important.
It is well known that in certain migraine subjects attacks can be precipitated by hunger and fasting (Critchley and Ferguson, 1933; Blau and Cumings, 1966; Pearce, 1971a) . Migraine subjects also show a tendency towards a 'flat glucose tolerance curve' (Gray and Burtness, 1935; Wilkinson, 1949) , but Pearce (1971b) showed that it is not hypoglycaemia per se which is responsible for precipitating migraine attacks in susceptible subjects. Rao and Pearce (1971) found that, during an extended standard insulin hypoglycaemia test, migraine subjects showed a hypoglycaemia unresponsiveness. This investigation also effectively excluded a defect of the corticotrophin-cortisol part of the hypothalamopituitary-adrenal axis, and one of the remaining possible explanations was a defect of hepatic glycogen breakdown. The present study aims to assess hepatic glycogenolysis by the glucagon test, in migraine and control subjects. 
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METHODS
Thirty-six volunteers, consisting of 19 migraine patients and 17 controls, were studied. The age range in both groups was 20 to 45 years. The migraine subjects consisted of 14 females and five males, and the controls consisted of 12 females and five males. The selection was weighted in favour of females because of their higher prevalence rate for migraine. The body weights were slightly less on average in the migraine group; this would if anything increase the hyperglycaemic effect of glucagon.
All subjects were fasted and requested to abstain from smoking from midnight. Venous blood samples were obtained through an indwelling heparinized cannula. The first blood sample was obtained immediately before the intramuscular injection of 1 mg glucagon at 9.00 a.m. Further samples were then obtained at 30 minute intervals for two hours. Blood sugar was estimated by the Technicon auto-analyser method using alkaline-ferricyanide. Throughout the test the subjects were kept under continuous observation.
RESULTS
The results are summarized and the statistical significance of the differences between the two groups are given in the Table. At 30 minutes after the injection (at which point the maximal hyperglycaemic response to glucagon occurred in most subjects), a sharp separation occurred, the value for the migraine subjects being less than that of the controls. This difference is significant (P < 0-05). The maximal rise in blood sugar from the fasting level was also significantly lower in the migraine group (P < 0-05). The results of the present study indicate a defect in the normal hyperglycaemic response to glucagon and it is thus probable that this is at least one factor in the hypoglycaemia unresponsiveness shown by migraine subjects. This is likely to be due to a defect in hepatic glycogenolysis, which is the means by which glucagon produces its hyperglycaemic effect, but this is only one of the complex actions of this hormone.
The possible relation of this finding to the production of the migraine attack in such subjects on fasting is speculative. One possibility is that if migraine subjects show a physiological resistance to the action of glucagon (which we have not shown here) this could cause an overproduction of this hormone by 'negative feed back' in an effort to combat the hypoglycaemia. This hypothetical over-production could result in other effects which might precipitate migraine. For instance, it is known that glucagon, in addition to its hyperglycaemic effect, has a pronounced lipolytic effect (Hagen, 1961; Vaughan et al., 1964; Lefebvre and Luyckx, 1969) , and this may act as the trigger for the migraine attack. Hockaday et al. (1971 Hockaday et al. ( , 1973 showed that during fasting, plasma free fatty acids rose very much higher in subjects who developed a migraine attack than in those who did not, and this may be relevant. Tests of plasma glucagon, insulin, and growth hormone responses to physiological 'stresses' are required further to elucidate this problem.
Migraine appears to be a pattern of clinical features occurring in response to a lowered central threshold, triggered by differing external and endogenous factors. One such factor in a subgroup of migraine patients is an anomaly of carbohydrate metabolism. There is evidence for a mechanism with insulin-like action which (1) depresses the blood glucose response to a glucose load; (2) is responsible for hypoglycaemia unresponsiveness after exogenous insulin; and (3) lowers the hyperglycaemic effect of administered glucagon. There is no evidence that this mechanism is directly related to migraine symptoms, nor is it clear if it is a primary phenomenon or one secondary to other metabolic anomalies 
